Introduction
Osteoporosis is a major chronic skeletal disorder characterized by decreased bone mineral density (BMD) and bone quality that increases bone fragility and risk of fracture. 1 The prevalence of osteoporosis and related fractures is high and increases dramatically with increasing age. 2, 3 In 2009, osteoporosis was estimated to affect up to 12.8 million people in Japan. 3 In addition to causing substantial morbidity and mortality from fragility fractures, osteoporosis is associated with high medical costs, which mainly relate to prolonged hospitalization and subsequent nursing care, particularly following hip fracture. 4, 5 Chronic kidney disease (CKD) is another common disorder that increases in prevalence with age. In 2005, ∼13% of the Japanese adult population were estimated to have CKD and this figure is likely to be even higher in the elderly. 6 and early-stage CKD frequently coexist and ∼20% of patients with osteoporosis have stage 3 or 4 CKD. 8 Further, osteoporosis and CKD are among the most common age-related comorbidities that independently impair bone strength. [9] [10] [11] Early-to-moderate stages of CKD independently increase the risk of vertebral and especially nonvertebral fractures. This risk increases with worsening renal impairment. 9, [11] [12] [13] In the real-world clinical setting, there is a dilemma about how to reduce the risk of osteoporotic fracture in patients with CKD because the efficacy and safety of standard osteoporosis treatments have not been validated in these patients. Bisphosphonates (eg, alendronate and risedronate) are the main class of antiresorptive drugs and, in Japan, are considered a first-line treatment strategy for osteoporosis. 4 However, according to Japanese guidelines for prevention and treatment of osteoporosis published in 2015, alendronate or risedronate should not be prescribed in patients with severe kidney disease.
14 Teriparatide (Forteo ® ; Eli Lilly and Company, Indianapolis, IN, USA; recombinant 1-34 N-terminal sequence of human parathyroid hormone [PTH] ) is the first and only anabolic agent approved to treat patients with osteoporosis at high risk of fracture. 15 Teriparatide regulates both bone formation and resorption, whereby intermittent exposure results in a restoration of bone microarchitecture through an increase in the number and thickness of trabeculae and accelerated mineralization. 16, 17 Teriparatide has been demonstrated to prevent vertebral and nonvertebral fragility fractures and to improve health-related quality of life. [17] [18] [19] [20] Careful administration of teriparatide is suggested in patients with severe renal impairment due to an observed delay in elimination in these patients compared with healthy volunteers. 21 In addition, PTH is secondarily upregulated in severe stages of CKD, which potentially reduces the response to teriparatide. 15 One doubleblind trial of 1,637 ambulatory postmenopausal women treated with teriparatide found that reductions in the risk of vertebral and nonvertebral fractures, as well as treatment-emergent and renal-related adverse events, were similar among patients with mild to moderate renal impairment and those without renal impairment. 22 However, there is insufficient real-world evidence for clinicians to properly assess the safety and effectiveness of teriparatide treatment in patients with osteoporosis and concomitant severe stages of CKD.
A 24-month postmarketing surveillance (PMS) study demonstrated the safety and effectiveness of daily teriparatide in 1,847 patients with osteoporosis at high risk of fracture in Japan. 8 Most (92.6%) patients included in the original PMS study were female and postmenopausal (90.8%), with a mean age of 75.4 years. 8 Treatment with teriparatide led to significant increases in biomarkers for bone formation/resorption and BMD, together with low incidences of new vertebral and nonvertebral fractures and significant improvements in patient-reported measurements for health-related quality of life. 8 We conducted a post hoc analysis of this PMS study to explore the safety and effectiveness of daily teriparatide used in a clinical setting only among patients with severe stages of CKD and osteoporosis with a high risk of fracture.
Materials and methods study design
This was a post hoc analysis of a prospective, multicenter, 24-month PMS study that registered 1,882 patients at 238 sites across Japan and was conducted between October 29, 2010, and February 28, 2014. 8 The original PMS study was required by the Japan Ministry of Health, Labour, and Welfare and conducted in accordance with Good Postmarketing Study Practice of the Pharmaceutical Affairs Law of Japan. For this type of study, formal consent and institutional ethics approval were not required by our institutional review board.
study population
This post hoc analysis included patients with osteoporosis at high risk of fracture and with stage 4 or 5 CKD. Specifically, osteoporosis was diagnosed using the Osteoporosis Diagnostic Criteria Review Committee of the Japanese Society for Bone and Mineral Research, 2000 revision. 23 High risk of fracture was defined as low BMD, previous fracture, aging, and family history of femoral neck fracture. 21 The Kidney Disease Outcomes Quality Initiative classification was used to define CKD stage. According to this classification, stage 4 CKD is defined as an estimated glomerular filtration rate (eGFR) of 15-29 mL/min per 1.73 m 2 (body surface area), whereas stage 5 CKD (also known as end-stage renal failure) is defined as an eGFR 15 mL/min per 1.73 m 2 .
24
In this analysis, eGFR was estimated using the Modified Isotope Dilution Mass Spectrometry-Modification of Diet in Renal Disease Study equation, which has been validated to be more accurate for the Japanese population than previously reported equations. 25 Exclusion criteria in the PMS study were previous teriparatide use or contraindications to 
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Daily teriparatide in stage 4/5 CKD teriparatide treatment. 21 The analyses of safety, effectiveness, and fracture incidence included patients who had received at least one dose of teriparatide.
Treatment protocol
Patients received subcutaneous teriparatide 20 μg daily for up to 24 months. In the PMS study, patients underwent clinical evaluations at baseline and at 1, 3, 6, 12, 18, and 24 months after the start of treatment.
However, only available measurements from all evaluations were used for this post hoc analysis. If patients discontinued treatment before 24 months, the final clinical evaluation was taken at the time of discontinuation (last visit).
Safety profile
The safety profile of teriparatide was assessed in this post hoc analysis by the same method used in the original PMS study. Adverse drug reactions (ADRs) were defined as adverse events for which a causal relation to teriparatide could not be excluded and were reported by treating physicians. ADRs were classified using preferred terms and system organ classes according to the Medical Dictionary for Regulatory Activities (Version 17.0).
effectiveness
Effectiveness of teriparatide was assessed by measures of bone formation, bone density, and fracture incidence. Measurements of the biomarker procollagen type 1 N-terminal propeptide (P1NP) were used to assess the effects of teriparatide treatment on bone formation. Measurements of BMD for lumbar vertebrae 2-4 (L2-L4) were used to assess the effects of teriparatide treatment on bone density according to the method preferred at each investigation center as there was no centralized laboratory. Fracture incidence was defined as the number of new clinical vertebral or nonvertebral fractures that were reported at any postbaseline visit and subsequently confirmed by radiographs.
statistical analysis
The incidence of ADRs that occurred during the observation period was determined from physician reports. For P1NP, median values (and interquartile range [Q1, Q3]) at baseline and at 3 months, as well as the mean change (95% confidence interval [CI] ) across this interval, were calculated. For BMD, mean and standard deviation (SD) values at baseline and the last observation carried forward (LOCF), as well as the mean change across this interval (SD, 95% CI), were calculated.
All statistical analyses were conducted using SAS Version 9.2 (SAS Institute, Cary, NC, USA).
Results

Patient disposition and baseline characteristics
Of the 1,847 patients included in the efficacy and safety analyses of the original PMS study, available data from all 33 patients with severe stages of CKD (stage 4, n=30; stage 5, n=3) were included in this post hoc analysis (Figure 1) .
In general, baseline characteristics of this subset of patients with severe stages of CKD were similar to those of the original PMS. In terms of specific baseline characteristics, all patients with severe stages of CKD were female and most (87.9%) were postmenopausal ( Table 1 ). The mean (SD) age was 79.8 (6.7) years and 83.0 (11.1) years in patients with stage 4 and stage 5 CKD, respectively, and most (81.8%) patients reported a history of fracture before study registration (Table 1) . 
new bone formation
Despite the small population in this post hoc analysis, there was evidence of new bone formation among patients with severe stages of CKD, both overall and in individual patients. Median (Q1, Q3) P1NP levels in patients with stage 4 CKD increased from 59.80 ng/mL (39.30, 112.00; n=9) at baseline to 125.55 ng/mL (109.00, 163.00; n=6) at 3 months. The mean percent change (95% CI) in P1NP level from baseline to 3 months in patients with stage 4 CKD was 251.9% (68.2%-435.7%; n=6). In patients with stage 5 CKD, no data on median P1NP levels or the mean percent change in P1NP level were available. Among patients with severe stages of CKD for whom P1NP measurements were available at both baseline and 3 months (n=6), individual levels increased in all but 1 patient (Figure 2 ).
Bone mineral density
Increases in BMD were also observed among patients with severe stages of CKD, both overall and in individual patients. 
Fracture incidence
Over the whole observation period of the PMS study, no fractures were observed in patients with stage 4 CKD and 1 nonvertebral fracture of the ischium was observed in a patient with stage 5 CKD.
Discussion
This is the first report to focus on safety and effectiveness profiles of teriparatide treatment in Japanese patients with osteoporosis and severe stages of CKD. Regarding safety, the incidence of ADRs in patients with severe stages of CKD was 12.1% (4/33) and the incidence of ADRs in patients from the overall PMS study population was 7.58% (140/1,847).
Further, the type of ADRs (eg, hyperuricemia and headache) that were noted in patients with severe stages of CKD in this analysis were consistent with the known safety profile of teriparatide. 21 In a subanalysis of the Fracture Prevention Trial (FPT), which enrolled 736 postmenopausal women with osteoporosis, the incidences of both treatment-emergent and renal-related adverse events were generally similar among patients with nil, mild, and moderate renal impairment, apart from higher incidences of hyperuricemia and hypercalcemia in patients with moderate renal impairment. 22 Overall, the safety results of the current post hoc analysis concur with those of the FPT analysis. Specifically, no additional safety concerns were observed in this post hoc analysis in patients with severe stages of CKD, although careful administration of teriparatide is required when treating patients with osteoporosis and CKD.
Regarding the effectiveness of teriparatide, P1NP, a marker of bone formation, increased overall and in nearly all patients with evaluable measurements in this post hoc analysis. The increase in P1NP was observed in the first 3 months of treatment, which has been shown to be a sensitive and an accurate predictor of BMD response at 18 months. 26 Similarly, BMD, the key assessment outcome of osteoporosis treatment, also increased both overall and in most patients. 
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Daily teriparatide in stage 4/5 CKD Nonvertebral fracture was observed in 1 out of 33 patients during the observation period in this study. The FPT subanalysis also found that teriparatide had similar effects on P1NP, BMD, and fracture incidence in patients with and without renal impairment. 22 The results of this post hoc analysis and those of the FPT analysis are therefore also in general agreement with respect to effectiveness measures.
Elderly patients with osteoporosis also commonly have concomitant medical problems, including CKD, which has also been shown to increase in incidence with age and is independently associated with increased fracture risk. 9, 12, 13 Therefore, in patients at risk of fracture, treatment is required for osteoporosis and for CKD, because this condition also reduces bone density and bone quality. In practice, however, treatment decisions for patients with osteoporosis and severe stages of CKD are difficult for several reasons. First, treatment options for preventing secondary fractures among patients with severe stages of CKD are limited in the real-world 14,27 Second, it has been estimated that ∼1 in 3 patients with osteoporosis are not treated with osteoporosis medication. 28 Likewise, despite the 59% estimated lifetime risk of having a GFR 60 mL/min per 1.73 m 2 , CKD is not always accurately assessed in clinical practice because GFR is not required to calculate World Health Organization Fracture Risk Assessment Tool (WHO FRAX™) scores. 29 Consequently, diagnosis and treatment of osteoporosis are challenging in patients with severe stages of CKD because of limited evidence and the possibility of renal bone disease obscuring the clinical picture. 30 For patients with osteoporosis and severe stages of CKD, teriparatide is a possible treatment option, but there is little published evidence focusing on the effectiveness and safety profiles of teriparatide. In addition to investigating the actual use of teriparatide in a real-world clinical setting in Japan, we sought to investigate the effectiveness and safety of teriparatide in patients with osteoporosis and comorbid severe stages of CKD. In this post hoc analysis, teriparatide was associated with a positive response in terms of effectiveness and no additional safety concerns were observed.
Several limitations of this post hoc analysis should be pointed out. First, these results lack statistical power because of the small number of enrolled patients, particularly those with stage 5 CKD. Further, information was not always available for individual patients at each evaluation point because data were collected from investigator reports. The methods of evaluating serum P1NP, BMD, and fractures may also have varied between investigator sites. In addition to these specific limitations, post hoc analyses and observational studies also have several general limitations. Importantly, a lack of randomization inherent in these types of studies makes proper statistical inference of causality of apparent treatment effects difficult. These types of studies are also susceptible to reporting bias, and the lack of a comparator group makes it further difficult to assign a causal relationship to possible treatment effects. Notwithstanding these limitations, our findings are expected to help physicians and surgeons evaluate the advantages and potential disadvantages of prescribing teriparatide for osteoporosis in Japanese patients with severe stages of CKD.
Conclusion
This post hoc analysis found that teriparatide showed positive effects on key outcomes and markers of osteoporosis in Japanese patients with osteoporosis and severe stages of CKD. Further, no additional safety concerns were observed with daily teriparatide in this study. However, physicians and surgeons should continue to consider the balance between advantages and possible disadvantages when prescribing teriparatide to patients with renal impairment or hypercalcemia.
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